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Abstract
This paper presents the features of a pH measuring probes, the novelty of this probe is the use of an Ion Sensitive
Field Eﬀect Transistor (ISFET). This allows the pH measurements in liquids and solids probe, so it is possible to
develop devices for the measurement of pH in the soil. The ISFET probe is a recent development, for this reason
these manufacturers do not oﬀer the same technical information, it is necessary to perform a characterization process to
understand its operation and in order to design the steps necessary signal conditioning. The characteristics of process
of the sensor are made by means of measurements of substances in which allow the control of pH and temperature. The
procedure results are compared with the system HANNA model HI 991001 that it is laboratory equipment, in the case
of ISFET probe use the measurement instrument IQ150. In the measurements shows that the ISFET has the capacity to
obtain measurement in less time and stables that measurement instrument HANNA does.
c© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Organizing Committee of
the ENIINVIE-2012.
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1. Introduction
The measurement of pH and potential Hydrogen is currently an important factor for diﬀerent ﬁelds,
such as pharmaceutical, agricultural and food industries. In the industry agriculture, the pH control has very
useful for the plants proper absorption of nutrients and a high or low pH aﬀects, for the appropriate absorbs
of nutrients for optimal growth. However, until now the task of measuring soil pH is not an easy task, for
these reason it propose a new technology that consists of a ﬁeld eﬀect transistor ISFET sensitive to ions,
which can measure chemical reactions such as pH, ISFET sensor as glass probes is capable of measuring
the pH in liquids. Hence, a distinguishing feature of the ISFET is the ability to measure pH in solids such
as cheese, meat and ground. It is use a probe ISFET model PH 77-SS of HACH Company, which comprises
a thermistor to compensate for temperature changes and is protected by a stainless steel housing allowing
contact with soft solids[1].
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In the next section will give the fundamentals of ISFET, and putting emphasis on their applications.
In the development section describes the design of the coupling circuits of the sensor signal provide. The
penultimate section presents the procedure results and contrast with other instruments on the market. In the
last section provides the most important conclusions, and some suggestions.
2. Fundamentals
Since the 70’s it developed a new technology called transistor ﬁeld eﬀect ion sensitive or ISFET, by Piet
Bergveld [2]. This technology was novel sensor of biochemical processes, therefore the implementation of
this technology in measurement of pH or potential hydrogen. The pH is the measure range which indicates
the acid or base of a solution, where 7 ph is neutral (as in the case of distilled water), below 7 ph is considered
acid and up 7 ph is considered base [3].
Traditionally the pH measurement is made with a glass electrode sensor or colorimetric methods, where
it puts in contacts the measured solution with a paper strip which is a chemical reaction that changes color
when it compared to a color table is determines the pH of the solution. The ISFET is a modiﬁcation of the
Metal Oxide Semiconductor Field Eﬀect Transistor MOSFET, which replaces the binding metal oxide by a
membrane, therefore interacts with an electrolytic solution and a reference electrode, for allows the probe to
an ISFET power measurement pH in liquids and solids by a ﬂow of ions, which generates an electric current
in the transistor gate. The MOSFET that showing in Figure 2 indicate the structure, and how the gate is
embedded on a plate of silicon oxide. While in the Figure 1, the ISFET is seen as a ﬁlm of silicon nitride on
the plate Silicon oxide, it is the one that comes in contact with the electrolyte solution or pH solution. This
process is where the ﬂow of hydrogen ions generate an electric current excites the ISFET probe in order to
generate a ﬂow of electrons.
Fig. 1. ISFET structure.
Fig. 2. MOSFET structure.
3. Development
The ISFET probe is marketed for domestic and laboratory use. For measure the performance of the
ISFET probe, it made a comparative measurements whit a commercial system of the trademark HANNA
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model HI 991001 to measure the pH of soil for agricultural use that is made through an indirect method,
which consists of dilute samples ground in deionizer water, thus it is found that the ISFET probe is capable of
making measurements of pH appropriately. These results show that the ISFET probe is capable of measuring
pH values in the soil.
In the bibliography research it founds no suitable circuit for this device. However, it is possible to use
one of these circuits with some modiﬁcations to the sensor signal conditioning ISFET [4], which have a
voltage follower and a current to voltage converter. The ISFET is replaced for a MOSFET transistor for
simulation as shown in the Figure 3, they have very similar characteristics. This is because the conﬁguration
of sensor ISFET it is anknow. It makes a characterization process and thereby obtains information from the
appropriate polarization thereof. The circuit of implemented Figure 4, is a simple circuit, which consists of
two FET input operational ampliﬁers, so that the input of each operational, have a high impedance allowing
the sensed current to the input of the order of Amps peak, this is necessary due to the delivery sensor
currents of micro Amperes. The voltage follower gives the sensitivity in the Source (S) of the transistor
for pH counted, while the current ﬂowing through the drain (D) is a current voltage converter in which a
cap can be ﬁxed current through a potentiometer, while the gate (G) is in direct contact with the electrolytic
substance to be measured with the reference electrode.
To make the process of characterization of the ISFET probe is required to generate one response curve
of current versus pH and voltage on the gate of the transistor, even though there is no technical data of the
probe. Measurements are made with an measure instrument IQ150, showing in the Figure 5, HACH Com-
pany. It practices careful disassemble measure to check the power pins as ISFET probe of the measurement
electronics, thus producing electrical information of the conditioning step in order to use the sensor in the
simulated circuit with the MOSFET. Characterization of the process information was obtained from certain
contacts as the sensor PH 77- SS as showing in the Figure 6, it’s consist in 8 contacts and the obtained was
polarization and reference thermistor probe carrying the ISFET. The other contacts are 3, these transistors
having the ISFET probe, which still need to determine its conﬁguration. Once with these measurements data,
it can be obtain transistor ISFET sensor with signal conditioning circuitry to a properly and well implement.
Fig. 3. circuit for MOSFET.
4. Results
In the comparative simulation of the MOSFET with an ISFET for implementing the signal conditioning
circuit, it obtained graphs showing in Figures 7 and 8, which shows a similar behavior between the ISFET
and the MOSFET which suggests that the proposed circuit is suitable.
The graphics circuit of the transistor FET is seen in the Figure 7, their response to a change in pH and an
increase in voltage of 0.5 volts on the gate of the transistor, generating a response curve of voltage vs. current
with respect to a solution pH, in this case was used substances pH 4, 7 and 10. For the implement of circuit
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Fig. 4. circuit for ISFET.
Fig. 5. HACH Measurament instrument IQ150 ISFET pH for 77-SS.
with a MOSFET the increases was a 0.5 volt voltage on the gate and be simulated with a potentiometer ﬁxed
stream buﬀers 49 μA, 52 μA y 67 μA to simulate the pH solutions and obtained the result showing in the
Figure 8, similar to that seen in the graph of transistor ISFET.
In the process of comparing the results of the measure instrument IQ150 with respect to measure instru-
ment HANNA HI 991001 that is showing in the Figure 9, which is commonly used in laboratory, which
data presented in the panel 1, and shows a good response from the ISFET probe regarding settling time for
the probe which ISFET was 30 seconds, while the measure instrument HANNA present a settling time of
4 minutes and 32 seconds, ease implementation as the probe only ISFET must be inserted into the ground
and to the measure instrument HANNA dilute concentrations are needed to perform the measurements.
Measurements were made by inserting the probe ISFET partially wet ground centibars 16 and the measure
instrument HANNA solutions with concentrations of 10%, 20%, 30%, 40%, 50% y 60%.
In the process of characterizing was obtained information from certain contacts as the sensor pH 77-SS
has 8 contacts which are known function of the following: ground, sings returns, and reference thermistor
polarization leading ISFET transistor, the remaining contacts belong to the ISFET transistor of which still
remains to identify and investigate the conﬁguration of source, gate and drain respectively.
5. Conclusions
It is conﬁrmed the robustness and eﬀectiveness of the probe ISFET PH 77-SS for laboratory outside use
and to make measurements of soil pH either gardening or farm. For these reason, the similarity between
the MOSFET and ISFET transistor could simulate the behavior of the MOSFET and thus obtain behavioral
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Fig. 6. Sensor ISFET PH 77-SS.
Fig. 7. ISFET graph paper.
tendencies that it is useful in the connection when the ISFET make a connection to signal conditioning
circuit. In the characterization process yielded a signiﬁcant advance in recognizing the 5 contacts of the 8
contacts ISFET probe, providing a greater understanding of them. Once it cans properly recognize the 3
remaining contacts can be implemented transistor ISFET probe and thus replace the MOSFET transistor by
transistor ISFET to simulate, measure and physically test of transistor in the circuit, in order to manipulate
the signal obtained and give the necessary use.
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Fig. 8. MOSFET simulation graph.
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Fig. 9. pH meter HANNA HI 991001.
Table 1. Results from the comparison of measuraments instruments IQ150 ISFET vs HANNA.
ISFET (pH) HANNA (pH)
8.18 8.52 al 10 %
8.36 al 20 %
8.29 al 30 %
8.18 al 40 %
8.12 al 50 %
8.04 al 60 %
Average 8.25
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